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(54) MAGNETIC RELD GENERATING APPARATUS AND ITS MANUFACTURING METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic field generating 
apparatus and its manufacturing method that can suppress the 
lowering of magnetic field intensity and deterioration of magnetic 
field uniformity after transportation. 

SOLUTION: This magnetic field generating apparatus 10 comprises 
a pair of plate yokes 12a. 12b. Permanent magnet groups 14a. 14b 
are arranged on the respective opposed face sides of a pair of plate 
yokes 12a, 12b, and magnetic pole plates 16a, 16b are stuck to the 
respective opposed face sides of the permanent magnet groups 14a, 
14b. The permanent magnet groups 14a, 14b include permanent 
magnets 18. The magnetic pole plates 16a, 16b include annular 
projections 24 and permanent magnets 28 for preventing leakage 
magnetic flux, provided on the outer side faces of the annular 
projections 24. The permanent magnets 18, 28 include R-Fe-B- 
based magnets with the magnetization rate of 80% to 99.9%. In 
manufacture, the whole built-up magnetic field generating apparatus 
10 is heated at 40° G-70" 0. 
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(57) [Abstract] 

[Technical problem] The field generator which can control the fall of 
the magnetic field strength after transportation and aggravation of 
field homogeneity, and its manufacture approach are offered. 
[Means for Solution] The field generator 10 contains the tabular yokes 
12a and 12b of a pair. The permanent magnet groups 14a and 14b are 
arranged at each opposed face side of the tabular yokes 12a and 12b of a 
pair, and the magnetic pole plates 16a and 16b fix to each opposed face 
side of the permanent magnet groups 14a and 14b. The permanent magnet 



groups 14a and 14b contain a permanent magnet 18. The magnetic pole 
plates 16a and 16b contain the permanent magnet 28 for magnetic-leakage- 
flux prevention prepared in the lateral surface of the annular 
projection 24 and the annular projection 24. As for permanent magnets 18 
and 28, the rate of magnetization contains 99.9% or less of R-Fe-B 
system magnet 80% or more. At the time of manufacture, the field 
generator 10 assembled whole is warmed below 40 degrees C or more 70 
degrees C. 
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CLAIMS 



[Claim(s) ] 

[Claim l] The field generator whose rate of magnetization of said R-Fe-B 
system magnet it has the yoke which supports the 1st magnet of the pair 
which forms an opening, and opposite arrangement is carried out, and 
contains a R-Fe-B system magnet, and the 1st magnet of said pair, and is 
99. 9% or less 80% or more. 

[Claim 2] It is the field generator according to claim 1 with which said 
magnetic pole plate contains the 2nd magnet for magnetic-leakage-flux 
prevention formed in the lateral surface of an annular projection and 
said annular projection by having further the magnetic pole plate formed 
in the opposed face side of the 1st magnet of said pair. 
[Claim 3] Said R-Fe-B system magnet is a field generator according to 
claim 1 or 2 which does not contain Co and/or Dy substantially. 
[Claim 4] A field generator given in either of claims 1-3 whose 
uniformity coefficient of the magnetic field strength needed is less 
than 100 ppm. 

[Claim 5] A field generator given in either of claims 1-4 which is 
conveyed by container. 

[Claim 6] A field generator given in either of claims 1-5 which has the 
magnetic field strength beyond 0. 25T in homogeneity field space. 
[Claim 7] The manufacture approach of a field generator equipped with 
the 1st process which assembles the field generator containing a R-Fe-B 
system magnet, and the 2nd process which warms said assembled whole 
field generator below 40 degrees C or more 70 degrees C. 
[Claim 8] The manufacture approach of a field generator equipped with 
the 2nd process which warms said magnetic pole unit which fixes the 
magnet containing a R-Fe-B system magnet to a tabular yoke, and 
assembles a magnetic pole unit, and which was assembled the 1st process 
below 40 degrees C or more 70 degrees C, and the 3rd process which fixes 
said warmed magnetic pole unit to a support yoke. 

[Claim 9] The manufacture approach of a field generator equipped with 
the 1st process which forms the magnet containing a R-Fe-B system magnet, 
the 3rd process which magnetizes said warmed magnet which warms said 
magnet below 40 degrees C or more 70 degrees C the 2nd process, and the 
4th process which fixes said magnetized magnet to a tabular yoke. 
[Claim 10] The manufacture approach of a field generator equipped with 
the 1st process which forms the magnet containing a R-Fe-B system magnet, 
the 3rd process which makes 99.9% or less of rate of magnetization 
demagnetize said magnetized magnet which magnetizes said magnet at the 



rate of magnetization which surpasses 99.9% 80% or more the 2nd process, 
and the 4th process which fixes said demagnetized magnet to a tabular 
yoke. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the field generator 
for MRI, and its manufacture approach more specifically about a field 
generator and its manufacture approach. 
[0002] 

[Description of the Prior Art] Conventionally, the field generator for 
MRI is conveyed by the container etc. to an installation, after magnetic 
field strength and field homogeneity are fully beforehand adjusted 
before shipment. 
[0003] 

[Problem (s) to be Solved by the Invention] However, when it arrived in 
spite of such a device there, magnetic field strength fell, or the 
homogeneity of a field got worse exceeding the reference value, and 
there was a case where a field generator had to be readjusted. While 
lessening magnetic leakage flux especially using the magnet for 
magnetic-leakage-flux prevention, the inclination is remarkable in the 
field generator which centralizes the magnetic flux generated from the 
main magnet on a part for a core. Moreover, when container packing is 
carried out and it is exported, in order to raise image pick-up speed, 
the inclination is remarkable also in equipment with the large (main 
magnetic field strength: more than 0. 25T) magnetic field strength used 
recently. [ many ] So, the main purpose of this invention is offering 



the field generator which can control the fall of the magnetic field 
strength after transportation, and aggravation of field homogeneity, and 
its manufacture approach. 

[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, a field generator according to claim 1 is equipped with the 
yoke which supports the 1st magnet of the pair which forms an opening, 
and opposite arrangement is carried out, and contains a R-Fe-B system 
magnet, and the 1st magnet of a pair, and the rate of magnetization of a 
R-Fe-B system magnet is characterized by being 99.9% or less 80% or more. 
In this specification, ''the rate of magnetization'' means the rate of 
magnetization in ordinary temperature (25 degrees C). A field generator 
according to claim 2 is further equipped with the magnetic pole plate 
formed in the opposed face side of the 1st magnet of a pair in a field 
generator according to claim 1, and a magnetic pole plate is 
characterized by including the 2nd magnet for magnetic-leakage-flux 
prevention formed in the lateral surface of an annular projection and an 
annular projection. 

[0005] A field generator according to claim 3 is characterized by a R- 
Fe-B system magnet not containing Co and/or Dy substantially in a field 
generator according to claim 1 or 2. A field generator according to 
claim 4 is characterized by the uniformity coefficient of the magnetic 
field strength needed for either of claims 1-3 in the field generator of 
a publication being less than (each point in space having the magnetic 
field strength of **50 ppm to main magnetic field strength (reference 
field reinforcement) in homogeneity field space) 100 ppm. 
[0006] A field generator according to claim 5 is characterized by being 
conveyed to either of claims 1-4 by container in the field generator of 
a publication. A field generator according to claim 6 is characterized 
by having the magnetic field strength beyond 0. 25T in homogeneity field 
space in a field generator given in either of claims 1-5. 
[0007] The manufacture approach of a field generator according to claim 
7 is equipped with the 1st process which assembles the field generator 
containing a R-Fe-B system magnet, and the 2nd process which warms the 
assembled whole field generator below 40 degrees C or more 70 degrees C. 
The manufacture approach of a field generator according to claim 8 is 
equipped with the 2nd process which warms the magnetic pole unit which 
fixes the magnet containing a R-Fe-B system magnet to a tabular yoke, 
and assembles a magnetic pole unit, and which was assembled the 1st 
process below 40 degrees C or more 70 degrees C, and the 3rd process 
which fixes the warmed magnetic pole unit to a support yoke. 



[0008] The manufacture approach of a field generator according to claim 
9 is equipped with the 1st process which forms the magnet containing a 
R-Fe-B system magnet, the 3rd process which magnetizes the warmed magnet 
which warms a magnet below 40 degrees C or more 70 degrees C the 2nd 
process, and the 4th process which fixes the magnetized magnet to a 
tabular yoke. The manufacture approach of a field generator according to 
claim 10 is equipped with the 1st process which forms the magnet 
containing a R-Fe-B system magnet, the 3rd process which makes 99. 9% or 
less of rate of magnetization demagnetize the magnetized magnet which 
magnetizes a magnet at the rate of magnetization which surpasses 99. 9% 
80% or more the 2nd process, and the 4th process which fixes the 
demagnetized magnet to a tabular yoke. 

[0009] the field generator assembled without spoiling proper coercive 
force is with time by controlling the final rate of magnetization of a 
R-Fe-B system magnet (for the rare earth elements in which R contains an 
yttrium (Y), and Fe, iron and B are boron) to 99.9% or less 80% or more 
in a field generator according to claim 1 — it is — it is — 
demagnetization by environmental factors, such as a temperature rise, 
can be controlled. Therefore, the fall of the magnetic field strength 
after transportation of a field generator and aggravation of a field 
uniformity coefficient can be controlled, and when a field generator 
reaches an installation, it can maintain a high field uniformity 
coefficient. 

[0010] In addition, if the final rate of magnetization of a R-Fe^B 
system magnet is less than 80%, the magnetic properties of the magnet 
concerned cannot fully be employed efficiently, but the amount of the 
magnet used will increase, and effectiveness will worsen. On the other 
hand, if the magnet concerned is used after the final rate of 
magnetization has exceeded 99. 9%, demagnetization of the magnet 
concerned will become large by the temperature change at the time of 
transportation etc. 

[0011] Generally magnetic leakage flux can be lessened by forming the 
2nd magnet for magnetic-leakage-flux prevention, but on the other hand 
it becomes that it is easy to make the 1st magnet which is the main 
magnet demagnetize. In a field generator according to claim 2, by 
stopping beforehand the rate of magnetization of the R-Fe-B system 
magnet contained in the 1st magnet, even if it forms further the 2nd 
magnet for magnetic-leakage-flux prevention, the 1st magnet is not 
influenced so much of the 2nd magnet, but can control change of the 
magnetic field strength of a field generator, and aggravation of a field 
uniformity coefficient, moreover — since the 2nd magnet for magnetic- 



leakage-flux prevention is attached — a field generator — warming — 
if it processes, change of subsequent magnetic field strength and 
aggravation of a field uniformity coefficient can be controlled further. 
[0012] If a R-Fe-B system magnet does not contain cobalt (Co) and a 
dysprosium (Dy), proper coercive force will become small, heat 
demagnetization becomes being easy to generate weakly to an opposing 
magnetic field, and, in each case, magnetic field strength and a field 
uniformity coefficient become easy to change. However, in a field 
generator according to claim 3, by stopping the final rate of 
magnetization of a R-Fe-B system magnet beforehand, even if it uses the 
magnet which contains neither Co which is an expensive element, nor Dy, 
change of magnetic field strength and aggravation of a field uniformity 
coefficient can be controlled. In addition, in claim 3, it says that it 
is less than [ 0. lwt% ] by the weight ratio with ''it does not contain 
substantially. 

[0013] In a field generator according to claim 4, since change of 
magnetic field strength and aggravation of a field uniformity 
coefficient can be controlled, even if it is the case where the highly 
precise magnetic field strength of less than 100 ppm in an error is 
needed, it is easy to suppress the error of magnetic field strength 
within the limits of above-mentioned. 

[0014] For example, also when the container which is not air- 
conditioning conveys a field generator, and the temperature in a 
container rises till around 70 degrees C, for a certain reason, it is 
easy to cause change of magnetic field strength, and aggravation of a 
field uniformity coefficient. In a field generator according to claim 5, 
even if it is the case where it is conveyed by such container, change of 
magnetic field strength and aggravation of a field uniformity 
coefficient can be controlled. 

[0015] The variation of magnetic field strength becomes large, so that 
magnetic field strength is large, since demagnetization is generated 
per %. Therefore, when the magnetic field strength of homogeneity field 
space is as large as more than 0. 25T, the variation of magnetic field 
strength also becomes large. In a field generator according to claim 6, 
even if it is the case in this way that magnetic field strength is large, 
change of magnetic field strength can be controlled. As for ''homogeneity 
field space", the difference of magnetic field strength says the field 
space which is less than 100 ppm. 

[0016] By the manufacture approach of a field generator according to 
claim 7, after the rate of magnetization assembles a field generator 
using the magnet which surpasses 99.9%, by warming the whole field 



generator, the magnet contained in a field generator is demagnetized 
beforehand, and the rate of magnetization is stopped. Even if there is 
change of environmental factors, such as a temperature rise, the field 
generated with a field generator is stabilized over a long time, by this, 
the fall of the magnetic field strength after transportation of a field 
generator and aggravation of a field uniformity coefficient can be 
controlled, and when a field generator reaches an installation, it can 
maintain a high field precision. 

[0017] By the manufacture approach of a field generator according to 
claim 8, by warming the whole magnetic pole unit after the assembly of a 
magnetic pole unit, the magnet contained in a magnetic pole unit is 
demagnetized beforehand, and the rate of magnetization is stopped. In 
the field generator assembled using this magnetic pole unit, a field is 
stabilized over long duration and the fall of the magnetic field 
strength after transportation of a field generator and aggravation of a 
field uniformity coefficient can be controlled, moreover, the case where 
the whole field generator is warmed — warming — a tooth space is 
narrow and it is sufficient for it. 

[0018] By the manufacture approach of a field generator according to 
claim 9, the magnetic rate of magnetization is stopped by magnetizing, 
after warming in a magnetic phase. In the field generator assembled 
using this magnet, a field is stabilized over long duration and the fall 
of the magnetic field strength after transportation of a field generator 
and aggravation of a field uniformity coefficient can be controlled, 
moreover, the case where the whole field generator and a magnetic pole 
unit are warmed — warming — warming narrow [ a tooth space ] and small 
— equipment can be used. 

[0019] By the manufacture approach of a field generator according to 
claim 10, the magnetic rate of magnetization is stopped by demagnetizing, 
after magnetizing a magnet at the rate of magnetization which surpasses 
99.9%. In the field generator assembled using this magnet, a field is 
stabilized over long duration and the fall of the magnetic field 
strength after transportation of a field generator and aggravation of a 
field uniformity coefficient can be controlled. Moreover, since it can 
process in the state of a magnet, working efficiency is good. 
[0020] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this 
invention is explained with reference to a drawing. With reference to 
drawing 1 and drawing 2 , the field generator 10 for MRI of 1 operation 
gestalt of this invention is an opening type field generator for MRI, 
and contains the magnetic pole units 11a and lib of the pair by which 



forms an opening and opposite arrangement is carried out. 
[0021] The magnetic pole units 11a and lib contain the tabular yokes 12a 
and 12b, respectively. The permanent magnet groups 14a and 14b are 
arranged at each opposed face side of the tabular yokes 12a and 12b of a 
pair, and the magnetic pole plates 16a and 16b fix to each opposed face 
side of the permanent magnet groups 14a and 14b. 
[0022] The permanent magnet groups 14a and 14b contain two or more 
rectangular parallelepiped-like permanent magnets 18 so that drawing 3 
may show. The R-Fe-B system magnet of the high flux density type with 
which Co(es), such as NEOMAX-47 (Sumitomo Special Metals Co., Ltd. make), 
and/or Dy are not contained substantially is used for a permanent magnet 
18, for example, the rate of magnetization in ordinary temperature is 
set up to 99. 9% or less 80% or more. As an example, if the flux density 
at the time of 100% of rates of magnetization is the magnet which is 
0. 3824T, a permanent magnet 18 will be magnetized so that flux density 
may be set to 0. 3820T. A permanent magnet 18 is obtained by assembling 
the magnet simple substance which is not illustrated. 
[0023] Magnetic pole plate 16a contains the disc-like base plate 20 
which is arranged on permanent magnet group 14a and which consists of 
iron, for example. On a base plate 20, the silicon steel 22 for 
preventing generating of the eddy current is formed. Silicon steel 22 is 
fixed with adhesives on a base plate 20. It consists of iron, the 
magnetic field strength of the periphery section is raised, and the 
annular projection 24 for acquiring a homogeneity field is formed in the 
periphery section of a base plate 20. When the annular projection 24 
fixes each piece 26 of an annular projection to the periphery section of 
silicon steel 22 including two or more pieces 26 of an annular 
projection, the annular projection 24 is formed. 

[0024] The permanent magnet 28 for magnetic-leakage-flux prevention is 
formed in the lateral surface of each annular projection 24. A R-Fe-B 
system magnet high coercive force type [, such as NE0MAX-39SH (Sumitomo 
Special Metals Co., Ltd. make), ] is used for a permanent magnet 28, for 
example, the rate of magnetization in ordinary temperature is set up to 
99. 9% or less 80% or more. As an example, if the flux density at the 
time of 100% of rates of magnetization is the magnet which is 0. 3824T, a 
permanent magnet 28 will be magnetized so that flux density may be set 
to 0. 3820T. A permanent magnet 28 is obtained by assembling the magnet 
simple substance which is not illustrated. 

[0025] With a permanent magnet 28, magnetic flux is guided between 
magnetic pole plate 16a and 16b, and leakage flux can be lessened. It is 
desirable to have prolonged the lower part of a permanent magnet 28 



until the pars basilaris ossis occipitalis of a permanent magnet 28 
carries out abbreviation contact (5mm or less is approached) to 
permanent magnet group 14a so that magnetic flux may not be revealed 
from the pars basilaris ossis occipitalis of a permanent magnet 28. Thus, 
when a permanent magnet 28 and permanent magnet group 14a approach, it 
is easy to generate demagnetization. The same is said of magnetic pole 
plate 16b. 

[0026] As shown in drawing 2 , unlike the magnetization direction Bl of 
each permanent magnet 18 of permanent magnet group 14a, the 
magnetization direction Al of the permanent magnet 28 in lower magnetic 
pole plate 16a serves as inside sense. The magnetization include angle 
theta 1 of the permanent magnet 28 shows the include angle which the 
magnetization direction Al of a permanent magnet 28 makes to principal 
plane 30of permanent magnet group 14a a (horizontal direction). Unlike 
magnetization direction B-2 of each permanent magnet 18 of permanent 
magnet group 14b, the magnetization direction A2 of. the permanent magnet 
28 in upper magnetic pole plate 16b serves as outwardness. The 
magnetization include angle theta 2 of the permanent magnet 28 shows the 
include angle which the magnetization direction A2 of a permanent magnet 
28 makes to principal plane 30of permanent magnet group 14b b 
(horizontal direction). 

[0027] Moreover, two or more through tubes 32a and 32b are formed in the 
tabular yokes 12a and 12b, respectively, and through tubes 34a and 34b 
are formed in the location corresponding to through tubes 32a and 32b at 
the permanent magnet groups 14a and 14b, respectively. Furthermore, it 
****s in the location corresponding to through tubes 34a and 34b, 
respectively, and Holes 36a and 36b are formed in each base plate 20 of 
the magnetic pole plates 16a and 16b. 

[0028] And magnetic pole plate 16a is fixed to the principal plane of 
permanent magnet group 14a by inserting securing bolt 38a for magnetic 
pole plate immobilization in through tubes 32a and 34a, namely, 
penetrating tabular yoke 12a and permanent magnet group 14a, and 
thrusting it into **** hole 36a. Magnetic pole plate 16b is fixed to the 
principal plane of permanent magnet group 14b by similarly, inserting 
securing bolt 38b for magnetic pole plate immobilization in through 
tubes 32b and 34b, namely, penetrating tabular yoke 12b and permanent 
magnet group 14b, and thrusting it into **** hole 36b. 
[0029] The tabular yokes 12a and 12b are magnetically combined by the 
tabular support yoke 40 of one sheet. That is, the support yoke 40 is 
connected to the tabular yokes 12a and 12b so that the end veranda top 
face of tabular yoke 12a may be located in the lower limit side of the 



support yoke 40 and the upper limit side of the support yoke 40 may be 
located in the end veranda inferior surface of tongue of tabular yoke 
12b, respectively. Therefore, the tabular yokes 12a and 12b and the 
support yoke 40 are connected so that the connection may have the 
include angle which are 90 abbreviation and may become side view KO 
character-like. 

[0030] With reference to drawing 1 , the reinforcement member 42 is 
formed in the most distant location (at the gestalt of this operation, 
they are the both ends by the side of the connection circles side of 
tabular yoke 12a and the support yoke 40) from permanent magnet group 
14a, respectively in by the side of the connection circles side of 
tabular yoke 12a and the support yoke 40. Similarly, the reinforcement 
member 42 is formed in the most distant location (at the gestalt of this 
operation, they are the both ends by the side of the connection circles 
side of tabular yoke 12b and the support yoke 40) from permanent magnet 
group 14b, respectively in by the side of the connection circles side of 
tabular yoke 12b and the support yoke 40. Therefore, tabular yoke 12b 
and the support yoke 40 are stronger respectively, and tabular yoke 12a 
and the support yoke 40 are fixed by the reinforcement member 42. 
[0031] Moreover, the four legs 44 are attached in the inferior surface 
of tongue of tabular yoke 12a. Such a field generator 10 requires the 
magnetic field strength beyond 0. 25T in the homogeneity field space F 
(refer to drawing 2 ). 

[0032] Subsequently, the manufacture approach of the field generator 10 
is explained. In addition, the permanent magnet 28 which is the 
permanent magnet 18 and the magnet for magnetic-leakage-flux prevention 
which are the main magnet is magnetized or demagnetized using 
magnetization equipment 50 as shown in drawing 4 . The permanent magnets 
18 or 28 with which magnetization equipment 50 has been arranged on the 
installation base 54 including the magnetization coil 52 are inserted 
into the magnetization coil 52. The magnetization power source 58 is 
connected to the magnetization coil 52 through a changeover switch 56. 
Therefore, magnetization equipment 50 can change magnetization and 
demagnetization by actuation of a changeover switch 56. 
[0033] moreover, warming which shows permanent magnets 18 and 28 to 
drawing 5 — it is warmed using equipment 60. warming — equipment 60 — 
warming — a tub 62 — containing — warming — a heater 64 is formed in 
the upper part and the lower part in a tub 62, respectively. A heater 64 
is controlled by the temperature controller 66. moreover, the permanent 
magnets 18 and 28 — warming — it is conveyed by conveyor 68 from the 
inlet port of a tub 62 to an outlet, a permanent magnet 18 (28) — 



warming — a temperature up is carried out to predetermined temperature 
within a tub 62. 

[0034] (The manufacture approach 1) The case where the field generator 
10 whole is warmed is explained. First, the field generator 10 whole is 
assembled. At this time, permanent magnets 18 and 28 are magnetized at 
the rate of magnetization which surpasses 99.9% using the magnetization 
equipment 50 shown in drawing 4 . Here, ''magnetization which has a rate 
[ good ] of magnetization for 99.9%'' will be in this condition, when the 
condition that magnetization carried out abbreviation saturation is said 
and the field of 3 times or more of magnetic coercive force is usually 
impressed. 

[0035] And the room in which the field generator 10 can be held is 
heated so that the whole may become the temperature of homogeneity at a 
heater, and the field generator 10 is held, warmed and demagnetized in 
the room. The field generator 10 is warmed by the temperature of 40- 
degree-C or more request of 70 degrees C or less. If it is this 
temperature requirement, the rate of magnetization in a permanent magnet 
18 or the ordinary temperature of 28 can be set up to 99. 9% or less 80% 
or more, and temperature will be set up according to the desired rate of 
magnetization. Then, the last field adjustment is performed. 
[0036] since the field generator 10 whole is assembled by this 
manufacture approach — warming — it can set after that by processing 
and stopping the rate of magnetization of permanent magnets 18 and 28 to 
99.9% or less 80% or more — with time — it is — it is — 
demagnetization by the temperature rise can be lessened and the fall of 
the magnetic field strength after transportation of the field generator 
10 and aggravation of a field uniformity coefficient can be controlled. 
[0037] Although especially the permanent magnet 28 for magnetic-leakage- 
flux prevention tends to make the permanent magnet 18 which is the main 
magnet demagnetize, since according to this approach the last field 
adjustment is carried out after warming the field generator 10 
containing permanent magnets 18 and 28 and demagnetizing permanent 
magnets 18 and 28, there is little degradation of the field uniformity 
coefficient which can be set after that, and it can also control the 
effect by the permanent magnet 28 for magnetic-leakage-flux prevention. 
[0038] Therefore, even if the field generator 10 became temperature high 
during conveyance, when it reaches an installation, it can maintain a 
high field uniformity coefficient. In addition, in order to warm the 
field generator 10, the heater is embedded at the tabular yokes 12a and 
12b etc., and the temperature up of the field generator 10 may be 
carried out from the interior by this. In this case, it is desirable to 



cover the field generator 10 whole with heat insulators, such as sponge. 
[0039] (The manufacture approach 2) The case where magnetic pole unit 
11a is warmed is explained. First, magnetic pole unit 11a is assembled. 
At this time, permanent magnets 18 and 28 are magnetized at the rate of 
magnetization which surpasses 99.9% using the magnetization equipment 50 
shown in drawing 4 . 

[0040] And the room in which magnetic pole unit 11a can be held is 
heated so that the whole may become homogeneity at a heater, and 
magnetic pole unit 11a is put in, warmed and demagnetized in the room. 
Magnetic pole unit 11a is warmed by 40-degree-C or more temperature of 
70 degrees C or less like the previous manufacture approach 1, 
corresponding to the desired rate of magnetization (from 99.9% or less 
to 80% or more selection). Magnetic pole unit lib is processed similarly. 
Then, after fixing the magnetic pole units 11a and lib to the support 
yoke 40 and obtaining the field generator 10, finally a field uniformity 
coefficient is adjusted before factory shipments. 

[0041] the magnetic pole units 11a and lib assembled by this manufacture 
approach — warming — the fall of the magnetic field strength after 
transportation of the field generator using the magnetic pole units 11a 
and lib and aggravation of a field uniformity coefficient can be 
controlled by processing. Although especially the permanent magnet 28 
for magnetic-leakage-flux prevention tends to affect the permanent 
magnet 18 which is the main magnet, since according to this approach the 
last field adjustment is carried out after warming the magnetic pole 
unit containing permanent magnets 18 and 28 and demagnetizing permanent 
magnets 18 and 28, there is little degradation of the field uniformity 
coefficient which can be set after that, and it can also control the 
effect by the permanent magnet 28 for magnetic-leakage-flux prevention, 
moreover, the case where it warms after assembling the field generator 
10 whole — comparing — warming — a tooth space may be narrow. 
[0042] (The manufacture approach 3) A permanent magnet 18 is assembled 
and the case where it magnetizes after carrying out a temperature up is 
explained. In this case, after assembling a permanent magnet 18, the 
following processes are performed before pasting the tabular yokes 12a 
and 12b. 

[0043] first, warming which shows a permanent magnet 18 to drawing 5 — 
warming of equipment 60 — it puts in in a tub 62, and it warms until 
the permanent magnet 18 whole becomes 60 degrees C to homogeneity. In 
addition, a permanent magnet 18 may be warmed at the temperature of 40- 
degree-C or more request of 70 degrees C or less, the warmed permanent 
magnet 18 — warming — it takes out from a tub 62, a momentarily high 




field (more than 3T) is impressed to a permanent magnet 18 with the 
magnetization equipment 50 shown, for example in drawing 4 , and a 
permanent magnet 18 is magnetized at 99.9% or less of rate of 
magnetization 80% or more. Magnetizing a permanent magnet 18 in the 
condition of having made it the elevated temperature, since the rate of 
magnetization falls compared with the time of low temperature at the 
time of an elevated temperature becomes being the same as that of that 
which carries out heat demagnetization after magnetizing a permanent 
magnet 18 (the manufacture approach 5 below-mentioned reference) as a 
result. A permanent magnet 28 is processed similarly. 
[0044] Then, permanent magnets 18 and 28 are fixed to the tabular yokes 
12a and 12b, and the field generator 10 is assembled. In the field 
generator 10 using the permanent magnets 18 and 28 obtained by this 
manufacture approach, the fall of the magnetic field strength after 
transportation and aggravation of a field uniformity coefficient can be 
controlled, moreover, the case where the field generator 10 whole and 
the magnetic pole units 11a and lib are warmed — warming — warming 
narrow [ a tooth space ] and small — equipment 60 can be used. In 
addition, since magnetism will work and a suction force and repulsive 
force will act once it magnetizes, as for a permanent magnet, it is 
desirable from a safety aspect that only a part to fix to the tabular 
yokes 12a and 12b uses the warmed permanent magnet, carrying out 
sequential magnetization. 

[0045] (The manufacture approach 4) A permanent magnet 18 is assembled, 
and after magnetizing, the case where an opposing magnetic field is 
impressed and demagnetized is explained. In this case, after assembling 
a permanent magnet 18, the following processes are performed before 
pasting the tabular yokes 12a and 12b. 

[0046] First, after magnetizing at the rate of magnetization which 
impresses a momentarily high field (more than 3T) to a permanent magnet 
18, and surpasses 99.9%, an opposing magnetic field (0. 01T-2T) is made 
to impress and demagnetize to the magnetized permanent magnet 18, and 
the rate of magnetization is stopped to 99.9% or less 80% or more. 
Magnetization and demagnetization of a permanent magnet 18 are performed 
using the magnetization equipment 50 shown in drawing 4 . A permanent 
magnet 28 is processed similarly. 

[0047] Then, permanent magnets 18 and 28 are fixed to the tabular yokes 
12a and 12b, and the field generator 10 is assembled. In the field 
generator 10 using the permanent magnets 18 and 28 obtained by this 
manufacture approach, the fall of the magnetic field strength after 
transportation and aggravation of a field uniformity coefficient can be 



controlled. Moreover, according to this approach, since it is not 
demagnetization by warming, time amount is short, and ends and working 

efficiency is good. 

[0048] (The manufacture approach 5) A permanent magnet 18 is assembled, 
and after magnetizing, the case where heat demagnetization is carried 
out is explained. In this case, after assembling a permanent magnet 18, 
the following processes are performed before pasting the tabular yokes 
12a and 12b. 

[0049] First, it magnetizes at the rate of magnetization which impresses 
a momentarily high field (more than 3T) to a permanent magnet 18 using 
the magnetization equipment 50 shown, for example in drawing 4 , and 
surpasses 99. 9%. The magnetized permanent magnet 18 is held in the 
inside of a furnace (40 degrees C - 70 degrees C) in which the heater 
was installed, heat demagnetization is carried out, and the rate of 
magnetization is stopped to 99.9% or less 80% or more. A permanent 
magnet 28 is processed similarly. 

[0050] Permanent magnets 18 and 28 are fixed to the tabular yokes 12a 
and 12b, and the field generator 10 is assembled. In the field generator 
10 using the permanent magnets 18 and 28 obtained by this manufacture 
approach, the fall of the magnetic field strength after transportation 
and aggravation of a field uniformity coefficient can be controlled. 
[0051] In addition, after magnetizing a permanent magnet slightly to 
hard flow with the original magnetization direction, actual 
magnetization is carried out and you may make it obtain the desired rate 
of magnetization as approaches other than the above-mentioned 
manufacture approach. In this case, the magnetization field of the 
subsequent forward direction must be enlarged, so that the rate of 
magnetization of hard flow is large. Moreover, it may be made to give 
opposing magnetic field demagnetization as the approach of 
demagnetization to the field generator 10 whole or magnetic pole unit 
11a, and the whole lib. 

[0052] Incidentally, with reference to drawing 6 , the example of 1 
experiment about a permanent magnet is explained, here — as a permanent 

magnet — NEOMAX-47 — using — a permanent magnet — warming — the 
case where it processes (it maintains at 50 degrees C for 24 hours after 
magnetizing 100%), and warming — aging of magnetic field strength was 
compared about the case where it does not process. 

[0053] warming — the rate of magnetization of the processed permanent 
magnet — 99% and warming — the rate of magnetization of the permanent 
magnet which is not processed was set up to 100%. And temperature was 
maintained at the permanent magnet without the opposing magnetic field 



by 32 degrees C during the experiment, drawing 6 shows — as — warming 
— the case where it processes — warming — the rate of change of 
magnetic field strength can be sharply made small from the case where it 

does not process. 

[0054] Below, other examples of an experiment are explained with 
reference to drawing 7 . here — as a permanent magnet — NEOMAX-47 — 
using — a permanent magnet — 55 degrees C — warming — the case where 
it processes, the case where opposing magnetic field demagnetization 
processing is carried out, and warming — change of the magnetic field 
strength to a temperature rise was compared about the case where neither 
processing nor opposing magnetic field demagnetization processing is 
performed. 

[0055] ''55 degree C — warming — after processing'' magnetized the 
permanent magnet 100%, it was maintained at 55 degrees C for 2 hours, 
and made the rate of magnetization 99.9%. the surface magnetic field 
strength after "opposing magnetic field demagnetization processing" 
magnetizes a permanent magnet 100% — 55 degrees C — warming — it 
demagnetized, raising an opposing magnetic field so that it may become 
equivalent to the case where it is processing. 

[0056] drawing 7 shows — as — 55 degrees C — warming — when [ which 
was processed ] a case and opposing magnetic field demagnetization 
processing are carried out, the magnetic-field-strength rate of change 
to a temperature rise becomes small sharply from the case where these 
processings are not carried out. furthermore, 55 degrees C — warming — 
when it processes, the magnetic-field-strength rate of change to a 
temperature rise becomes small from the case where opposing magnetic 
field demagnetization processing is carried out. this — warming — 
although processing acts on homogeneity to the whole permanent magnet, 
it is because opposing magnetic field demagnetization processing cannot 
make demagnetization by the opposing magnetic field easily act on 
homogeneity to a permanent magnet. 

[0057] From the result of drawing 6 and drawing 7 , if the permanent 
magnet which processed [ warming-] or processed [ opposing-magnetic- 
f ield-demagnetization-] is used as the main magnet and/or a magnet for 
magnetic-leakage-flux prevention, demagnetization by aging or the 
temperature rise of the main magnet or the magnet for magnetic^leakage- 
flux prevention can be controlled, and change of the magnetic field 
strength after assembling a field generator, and the fall of a field 
uniformity coefficient can be controlled. 

[0058] Furthermore, magnetic-flux distribution of a field generator is 
shown in drawing 8 . Drawing 8 (a) shows magnetic-flux distribution of 



the field generator which has a magnet for magnetic-leakage-flux 
prevention, and drawing 8 (b) shows magnetic-flux distribution of a 
field generator without the magnet for magnetic-leakage-flux prevention. 
In addition, 0. 262T and the main magnetic field strength in the case of 
drawing 8 (b) of the main magnetic field strength in the case of drawing 
8 (a) were 0. 215T. 

[0059] While guiding magnetic flux between magnetic pole plates when the 
magnet for magnetic-leakage-flux prevention is used so that drawing 8 
(a) and (b) may be compared and understood, the magnetic flux of the 
outside of the magnet for magnetic-leakage-flux prevention becomes a 
non-dense. In other words, it can be said that it is in the condition of 
repelling mutually the magnet for magnetic-leakage-flux prevention, and 
a permanent magnet group, there being, and being easy to demagnetize. 
Therefore, in the field generator using the magnet for magnetic-leakage- 
flux prevention, when temperature rises, magnetic field strength and its 
distribution become easier to change. Therefore, if this invention is 
applied to the field generator using the magnet for magnetic-leakage- 
flux prevention, degradation of a field uniformity coefficient can be 
controlled and it is effective. 

[0060] Moreover, the R-Fe-B system magnet used for a permanent magnet 18 
or 28 can control heat demagnetization by stopping beforehand the rate 
of magnetization of a R-Fe-B system magnet like an above-mentioned 
operation gestalt, although it is comparatively easy to generate heat 
demagnetization at low temperature compared with a ferrite magnet or a 
Sm-Co magnet. 

[0061] When a high residual magnetic flux density is required of a 
permanent magnet 18, the ternary system R-Fe-B system magnet which does 
not contain Co substantially as mentioned above is used. In this case, 
since heat demagnetization becomes large compared with the permanent 
magnet containing Co, the effectiveness which adopts an above-mentioned 
operation gestalt is large. Also when using the magnet which furthermore 
does not contain Dy substantially, the effectiveness which adopts an 
above-mentioned operation gestalt is large. 

[0062] Moreover, since change of magnetic field strength and aggravation 
of a field uniformity coefficient can be controlled, even if the error 
of the homogeneity field space F, i.e., magnetic field strength, is the 
case where less than 100 ppm field space is needed, in an opening, it is 
easy to suppress the error of magnetic field strength within the limits 
of above-mentioned. Furthermore, even if it is the case where a field 
generator is conveyed by the container whose air-conditioning is not 
enough, for example, change of magnetic field strength and aggravation 



of a field uniformity coefficient can be controlled. Moreover, even if 
it is the case where variation tends to become [ the magnetic field 
strength of the homogeneity field space F ] as large as more than 0. 25T 
greatly, change of magnetic field strength can be controlled. 

[0063] 

[Effect of the Invention] according to this invention, the assembled 
field generator is with time — it is — it is — demagnetization by 
environmental factors, such as a temperature rise, can be controlled. 
Therefore, the fall of the magnetic field strength after transportation 
of a field generator and aggravation of a field uniformity coefficient 
can be controlled, and when a field generator reaches an installation, 
it can maintain a high field uniformity coefficient. 
[0064] Moreover, if the whole field generator is warmed after the 
assembly of a field generator, even if there is change of environmental 
factors, such as a temperature rise, the field generated with a field 
generator is stabilized over long duration, and the fall of the magnetic 
field strength after transportation of a field generator and aggravation 
of a field uniformity coefficient can be controlled. When warming after 
assembling a magnetic pole unit, the fall of the magnetic field strength 
after transportation of a field generator and aggravation of a field 
uniformity coefficient can be controlled similarly. 
[0065] furthermore, the fall of the magnetic field strength after 
transportation of a field generator similarly after warming in a 
magnetic phase, when magnetizing and aggravation of a field uniformity 
coefficient — it can control — moreover, warming — warming small to 
processing — equipment can be used. Moreover, since the fall of the 
magnetic field strength after transportation of a field generator and 
aggravation of a field uniformity coefficient can be controlled and it 
can process in the state of a magnet further similarly when 
demagnetizing, after magnetizing a magnet, working efficiency improves. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the perspective view showing 1 operation gestalt of 
this invention. 

[Drawing 2] It is the illustration Fig. showing the important section of 
the operation gestalt of drawing 1 . 

[Drawing 3] It is the perspective view showing an example of the 
permanent magnet group used for this invention. 
[Drawing 4] It is the illustration Fig. showing an example of the 
magnetization equipment used for this invention, 

[Drawing 5] warming used for this invention — it is the illustration 
Fig. showing an example of equipment. 

[Drawing 6] It is the graph which shows aging of the magnetic field 
strength of a permanent magnet. 

[Drawing 7] It is the graph which shows change by the temperature rise 

of the magnetic field strength of a permanent magnet. 

[Drawing 8] Magnetic-flux distribution of the field generator with which 

(a) has a magnet for magnetic-leakage-flux prevention, and (b) show 

magnetic-flux distribution of a field generator without the magnet for 

magnetic-leakage-flux prevention. 

[Description of Notations] 

10 Field Generator 

11a, lib Magnetic pole unit 

12a, 12b Tabular yoke 

14a, 14b Permanent magnet group 

16a, 16b Magnetic pole plate 

18 28 Permanent magnet 

24 Annular Projection 

40 Support Yoke 

50 Magnetization Equipment 

60 Warming — Equipment 

F Homogeneity field space 
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[Drawing 6] 
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[Drawing 7] 
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[Drawing 8] 

(a) 



Bb = 0.262T 




(b) 



B( ° 0.215T 
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